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© Automatic seaming machine for fabric belts. 



© Apparatus for forming a woven seam (10) to join 
opposite fringed ends (12 and 14) of a woven fabric 
belt is provided. A Jacquard machine causes the 
weft threads to form a shed opening. Successive 
warp threads (24) from each fringe are gripped by 
an arm (28) and pulled through the shed and woven 
into the weft threads (18) of a separate strip (16). 
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AUTOMATIC SEAMING MACHINE FOR FABRIC BELTS 



The present invention is related to apparatus 
for use in making a woven seam in woven fabric 
belts, and more particularly to apparatus for for- 
ming woven seams in long fabric belts of the type 
employed in the paper industry in the Fourdrinier 
section of paper machines. 

Machinery used in the paper industry com* 
monly employs large woven fabric belts which may 
be 150 feet long and 200 inches wide or more. A 
belt of this type is woven on large looms and then 
the opposite ends of the belt are woven together in 
a laborious process to form a seamless belt It is 
critical to the paper making process that the woven 
seam be flawless. The process for forming the 
woven seam has, up to now, been done primarily 
by hand and by fraying the filaments at the op- 
posite ends of the woven fabric belt and by then 
weaving the filaments together into the other end of 
the belt. Since these woven belts may comprise a 
densely woven fabric of very fine filaments or 
threads, the manual seam weaving process is ex- 
acting and time consuming. It is difficult for the 
seam weaver to grasp the individual filaments in 
the proper sequence, yet it "is imperative that the 
seam weaver produce a perfect and continuous 
woven product rf the filaments are not woven to- 
gether in the proper order, the fabric is worthless. 
The seam weaver must also take great care to be 
sure that the woven filaments are not twisted and 
such that each knuckle of the seam filaments is 
properly oriented with respect to the other threads 
of the fabric. 

As a result of the extreme care which must be 
taken with the seam weaving process, manual 
seam weaving requires a considerable number of 
hours of work for wide befts. Due to the time 
required and the level of skill necessary, the seam 
weaving process is very expensive and forms a 
substantial portion of the cost of the finished prod- 
uct. 

Due to the expense of this manual seam weav- 
ing process, efforts have been made to automate 
the method for forming a woven seam and endless 
woven fabric belts. Prior to the present invention, 
such efforts have been unsuccessful. 

One prior art apparatus has been developed for 
use in combination with manual seaming and for 
forming the shed openings. This apparatus is in- 
tended to reduce some of the effort required by the 
seam weaver yet it still requires manual weaving 
operations. This apparatus employs Jacquard de- 
vices such as those produced by Samuel Dracup & 
Sons, Ltd., Lane Close Mills, Great Horton, Brad- 
ford West Yorkshire, England. 



Another example of the prior art attempts at 
providing a mechanized means for forming a wov- 
en seam is illustrated in the German Koller et aJ. 
patent disclosure P 30 25 909.7-26, published Feb- 

5 ruary 4, 1982. While this structure or apparatus 
purports to provide an automatic seam weaving 
machine, it includes a number of different deficien- 
cies. For example, no functional method is pro- 
vided by Koller for separating the warp threads one 

io from another, nor does Koller provide a commer- 
cially suitable means for weaving the warp threads 
through the weft threads to thereby form the woven 
seam. 

The present invention provides an improved 

75 method and apparatus for forming a woven seam 
joining together the opposite ends of woven fabrics 
such as fabrics employed on the Fourdrinier sec- 
tion of paper machines. The apparatus of the in- 
vention provides a means for mechanically forming 

20 a seam and greatly reduces the amount of hand 
labor otherwise required in the seaming operation. 

The apparatus of the invention is adapted for 
use with a frame apparatus for use in supporting 
the opposite ends of the woven fabric in spaced 

25 parallel relation and wherein most of the weft 
threads are -removed from a portion of the ends of 
the fabric so as to leave a fringe of warp threads. A 
strip of fabric cut from one of the ends Is also 
positioned between the opposite ends of fabric. 

30 The warp threads are removed from this strip of 
fabric. The warp threads forming the fringe of the 
opposite ends of the woven fabric can then be 
woven into the weft threads of the strip so as to 
form a woven seam joining the opposite ends of 

35 the fabric. 

The apparatus embodying the invention in- 
cludes means for forming a shed opening in the 
weft threads of the strip, and means for mechani- 
cally gripping a first warp thread from the fringe of 

40 one end of the fabric and then conveying that warp 
thread through the shed opening and then beating 
that warp thread against the seam face. The shed 
opening is then changed and a warp thread from 
the fringe of the other end of the fabric is conveyed 

45 through the shed opening in the opposite direction 
and then beat against the seam face. This opera- 
tion continues wherein successive warp threads 
from alternate ends of the fabric are woven into the 
weft threads of the strip. 

so The apparatus basically comprises a means for 
' forming a shed opening of the weft threads, means 
for gripping a selected warp thread of the fringe 
and for pulling it away from the other warp threads 
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of the fringe, and means for laying this warp thread 
into the weft and pulling it tight or tensioning the 
warp thread and then beating it against the seam 
face of the seam being formed. 

One of the principal features of the invention is 
the means provided for mechanically gripping se- 
lected successive individual warp threads and for 
conveying them through the shed opening. 

Another of the principal features of the inven- 
tion is the means provided for forming the shed 
opening. This means includes the provision of a 
Jacquard machine supported such that the needles 
of the Jacquard machine project vertically upwardly 
and with the needles positioned below the weft 
threads and supported such that they are indepen- 
dently vertically movable. A spring box is mounted 
above the weft threads and a plurality of heddles 
are connected to the spring box and to the needles 
of the Jacquard machine. Each of the heddles is 
constructed so as to engage an individual one of 
the weft threads. The Jacquard machine operates 
to cause vertical movement of the heddles so as to 
cause consequent vertical movement of selected 
ones of the weft threads and formation of a shed 
opening. The use of a Jacquard machine facilitates 
control of the shed opening to produce any desired 
combination and the position of the joins produced 
can have any selected combination and the seam 
width can be varied substantially depending upon 
the fabric being seamed. 

Another of the principal features of the inven- 
tion is in the construction of the heddles and the 
provision of heddles which do not require threading 
of weft threads through the eyelets as is required 
by prior art or conventional eyelets of a Jacquard 
device. The heddles provided by the present inven- 
tion are constructed such that they can be placed 
around the weft threads and to engage the weft 
threads, and it is not necessary to thread the weft 
threads through the heddles. The heddles are also 
constructed such that once they surround a weft 
thread, the weft thread is freely slideable in the 
heddle in the direction of the weft thread and this 
prevents stretching of the weft threads. 

Another of the principal features of the inven- 
tion is the means provided for beating the warp 
thread against the seam face. In a preferred form 
of the invention, this means includes a pivoting 
reed including a plurality of closely spaced parallel 
pivoting reed dents. The upper ends of the reed 
dents project between the weft threads such that a 
reed dent is positioned between each pair of weft 
threads. The reed dents are supported for move- 
ment between a retracted position spaced from the 
seam face and a position where they are closely 
adjacent the seam face. The reed dents are sup- 
ported in their retracted positions when the warp 
thread is conveyed through the shed opening and 



then moved to the second position once the warp 
thread is tensioned. Means are also provided for 
causing successive ones of the reed dents to beat 
the warp thread against the seam face. The beating 

5 of the warp thread against the seam face propa- 
gates across the seam face. This has the effect of 
causing the knuckles of the warp threads to be 
properly positioned with respect to the knuckles of 
the weft threads and tends to prevent undesirable 

70 twisting of the warp threads. 

Another feature of the invention is the provision 
of means for supporting the seam weaving appara- 
tus described above such that it will move along 
the length of the seam as the seam is formed. 

75 Another feature of the invention is that the 
apparatus permits the woven fabric to be supported' 
such that it can be either tented or undraped. 

Another feature of the invention is the provision 
of means for causing sequential operation of the 

20 Jacquard machine and the means for separating 
the selected warp thread and for conveying it 
through the shed opening. This apparatus pre- 
cludes non-sequential operation of the apparatus 
for feeding the warp threads through the shed 

25 opening and thereby tends to prevent the formation 
of weave sequence flaws in the woven seam. 

Another feature of the apparatus embodying 
the invention is the provision of means for auto- 
matically interrupting operation of the apparatus in 

30 the event that the apparatus for feeding the warp 
threads through the shed opening fails to properly 
grip the selected warp thread. 

One of the advantages of the apparatus em- 
bodying the invention is that it is capable of making 

35 any seam style required and is not limited to 
producing just one type of seam style. This feature 
is provided by the employment of the Jacquard 
heddling apparatus in combination with the other 
apparatus to be described below. The joint loca- 

40 tions can be programmed and located as required. 

Another advantage of the apparatus embodying 
the invention is that the controlled sequence of 
operation can be reversed. In the event that the 
apparatus produces a flaw in the woven seam 

45 thereby causing the machine to stop, the operator 
can reverse the heddling sequence to permit the 
seam to be unwoven and corrected. 

Apparatus for use in making a woven seam in 
woven fabric belts in accordance with the invention 

so will now be described, by way of example only, 
with reference to the accompanying diagrammatic 
drawings, in which: 

Figure 1 is a schematic perspective view of 
the apparatus embodying the invention and for use 

5$ in separating the warp threads from the fringe and 
for feeding them through a shed opening formed in 
the weft threads. 
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Figure 2 is a view similar to Figure 1 and 
showing a thread separator having separated a 
warp thread from the fringe of one end of the 
fabric. 

Figure 3 is a view similar to Figures 1 and 2 s 
and showing a transfer arm transferring the sepa- 
rated thread to an interlace arm which extends 
through the shed opening. 

Figure 4 is a view similar to Figures 1-3 and 
further showing the interlace arm pulling the se- w 
lected warp thread through the shed opening. 

Rgure 5 is a side elevation view of appara- 
tus embodying the invention. 

Rgure 6 is an enlarged side elevation view 
of the portion of the apparatus illustrated in Rgure 75 
5. 

Rgure 7 is an enlarged side elevation view 
of a portion of the apparatus illustrated in Rgure 5 
and illustrating the lay and reed mechanism and 
the heddles forming the shed opening. 20 

Rgure 8 is a view taken along line 8-8 in 
Rgure 6. 

Rgure 9 is a view taken generally along One 
9-9 of Rgure 6 and showing the thread separator 
apparatus. 25 

Rgure 10 is a view taken along line 10-10 in 
Rgure 9. 

Rgure 11 is a view taken along line 11-11 of 
Rgure 9. 

Rgure 12 is an enlarged view of the end of 30 
transfer arm of the apparatus shown in Rg. 9 and 
with portions shown in cross section. 

Rgure 13 is a perspective view of a heddle 
illustrated in Rg. 7. 

Illustrated in Rgure 1 is ari apparatus embody- 35 
ing the invention and for forming a woven seam 10 
joining the opposite ends 12 and 14 of a woven 
fabric belt. The opposite ends 12 and 14 of the 
woven fabric belt are illustrated as being supported 
in spaced-apart relation. A strip ~1 6 of woven ma- 40 
terial, having been cut from one of the opposite 
ends 12 and 14 of the belt, is supported between 
the opposite ends of the belt. This strip is damped 
at one end and weights are attached to the op- 
posite end of this strip so that it is pulled taut. The 45 
warp threads are removed from the strip of material 
16 located between the opposite ends of the belt 
leaving only the weft threads 1a 

The opposite ends 12 and 14 of the fabric can 
be supported in a conventional manner, with one so 
end 12 of the fabric supported over a long metal 
tube and the other end 14 similarly draped over a 
long metal tube. The metal tubes are supported at 
their opposite ends in a conventional manner as is 
used in a manual seam weaving process and with 55 
the metal tubes in spaced apart parallel relation. 
The metal tubes are spaced apart by a dimension 
sufficient to house the seam therebetween, and the 



seam weaving machine embodying the present in- 
vention is positioned between the metal tubes and 
is supported for linear movement in the direction of 
the longitudinal axis of elongated metal tubes. 

The opposite ends 12 and 14 of the belt each 
include a fringe 20 formed by removing a majority 
of the weft threads, in a preferred form of the 
invention, a few weft threads are left at the edge of 
the fringe 20 to form a relatively narrow ribbon 22 
functioning to maintain the warp threads 24 of the 
fringe 20 in the proper position and to maintain 
proper relative alignment of the warp threads 24 
with respect to one another. The opposite ends of 
the ribbon 22 are supported such that the warp 
threads 24 forming the fringe 20 extend vertically 
upwardly from the peripheral edges of the strip 16 
and in spaced apart facing relation on opposite 
sides of the strip. 

The woven seam 10 is formed by separating a 
first one of the warp threads or strands 24 of the 
fringe 20 and weaving it into the weft threads 18 of 
the strip. Then a warp thread or strand 24 of the 
fringe at the opposite end of the strip is separated, 
and this strand is woven into the weft threads 18 of 
the strip. This cycle is repeated until a seam has 
been woven along the entire width of the belt being 
seamed. 

Rgs. 1 and 2 illustrate schematically the 
means provided by the apparatus embodying the 
invention for separating successive ones of the 
warp threads 24 of the fringe 20 such that they can 
then be woven into the weft threads 18 of the strip 
16. While this means for separating will be de- 
scribed in greater detail hereinafter, in the con- 
struction shown in Rgs. 1 and 2, it includes a 
reciprocably moveable thread separator 28, the 
thread separator 28 being moveable from a re- 
tracted position shown in solid lines in Rgs. 1 and 
2 to a second or forward position wherein the 
thread separator 28 can engage or grip the next 
successive warp thread 24 of the fringe 20. The 
thread separator 28 then moves to its retracted 
position pulling the gripped thread 24 away from 
the remainder of the fringe 20. One such thread 
separator 28 is positioned adjacent each fringe 20. 

The apparatus embodying the invention further 
includes a pair of transfer arms 30 positioned on 
opposite sides of the seam 10. Each transfer arm 
30 is supported for pivotal movement about a hori- 
zontal axis parallel to the warp threads in the 
woven seam 10. The free end 32 of each transfer 
arm 30 includes means for gripping a warp thread 
24 held by the thread separator 28 when the thread 
separator 28 is in the retracted position as shown 
in Rgure 2. The free end 32 of the transfer arm 30 
is positionable so that it can grip the selected warp 
thread 24 when the thread separator 28 moves to 
the retracted position. The transfer arm 30 is then 
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pivotable from the thread gripping position shown 
in Figs. 1 and 2 to a position shown in Fig. 3 
wherein the free end of the warp thread 24 -is 
moved generally forwardly and downwardly as 
seen in Figs. 1 through 4 to the position shown in 
Fig. 3 wherein the free end of the warp thread 24 is 
moved to the plane of the seam 10. 

The apparatus embodying the invention further 
includes means for causing the weft threads 1 8 of 
the strip 16 to form a shed opening 36 as illus- 
trated in Figs. 3 and 4. While this apparatus will be 
described in greater detail hereinafter, it generally 
includes a Jacquard device of the type convention- 
ally used to form a shed opening in weaving ap- 
paratus. 

The apparatus embodying the invention further 
includes a pair of interlace arms 40 supported for 
movement between a position as shown in Rg. 3 
wherein the free end 42 of the interlace arm 40 
extends through the shed opening 36 to grip the 
warp thread 24 held by the free end 32 of the 
transfer arm 30, and a retracted position shown in 
Rg. 4. The free end of the warp thread 24 is pulled 
by the interlace arm 40 through the shed opening 
36 to an opposite side of the seam 10. 

The apparatus embodying the invention further 
includes a pair of extractor arms 44 positioned on 
opposite sides of the seam 10, the extractor arms 
44 being positioned closely adjacent the longitudi- 
nal edges of the seam 10 to be formed. Each 
extractor arm 44 is adapted to move between an 
extended position as shown in Rg. 4 and wherein 
the free end of the extractor arm 44 is in a position 
to grip a warp thread 24 held by the free end of the 
interlace arm 40. The extractor arm 44 can thus 
grip the end of the warp thread 24 which has been 
pulled through the shed opening 36 by the inter- 
lace arm 40 as shown in Rg. 4, and the extractor 
arm 44 can then be moved rearwardly to the re- 
tracted position shown in phantom in Fig. 4 wherein 
the gripped warp thread 24 is pulled against the 
seam face 46. 

Using this apparatus, a selected warp thread 
24 of the fringe 20 is separated from the remaining 
warp threads of the fringe, and fed by the transfer 
arm 30 and the interlace arm 40 through the shed 
opening 36. The warp thread 24 is then pulled 
against the seam face 46 by the extractor arm 44. 
After the warp thread 24 is pulled back by the 
extractor, a lay and reed mechanism to be de- 
scribed hereinafter move forward and the reed rolls 
to beat in the warp thread, and the reed then 
moves back to the neutral position. The shed open- 
ing 36 is then changed or reversed by operation of 
the Jacquard machine referred to above, and a 
warp thread 24 from the fringe 20 on the opposite 
side of the seam 10 is then selected and separated 
from that fringe. This warp thread 24 is then 



gripped by a transfer arm 30 and conveyed to a 
position where it can be gripped by the free end of 
an interlace arm 40 extending through the shed 
opening 36. The extractor arm 40 can then engage 

5 the warp thread 24 so as to pull it against the seam 
face 46. After the warp thread 24 is pulled back by 
the extractor, the lay and reed mechanism come 
forward and the reed rolls to beat in the warp 
thread, and the reed moves back to the neutral 

70 position. This process is repeated continually until 
each warp thread of the fringes 20 is woven into 
the weft threads 18 of the strip 16 to thereby form 
a woven seam joining the opposite ends 12 and 14 
of the woven belt. 

75 Rgure 5 illustrates more particularly a, pre- 

ferred form of the apparatus embodying the inven- 
tion and adapted to accomplish the seam weaving 
process described above. The apparatus shown in 
Rgure 5 includes a frame structure 50 adapted to 

20 support the seam weaving apparatus described 
above and supported for movement by a plurality 
of wheels 52. The frame 50 is supported for move- 
ment such that the seam weaving apparatus sup- 
ported by the frame 50 can move linearly along the 

25 length of the seam 10 as the seam weaving pro- 
cess proceeds. The machine frame 50 includes a 
vertically positioned column 54 supporting a hori- 
zontal cantilevered frame 56. The cantilevered 
frame in turn supports the thread separating and 

30 weaving apparatus described above. The vertical 
column 54 also supports a control box 58 adapted 
to house conventional pneumatic controls used to 
control the operation of the thread separating ap- 
paratus and the weaving apparatus. The frame 50 

35 further includes means providing a horizontal flat 
surface for supporting the woven seam 10 joining 
the opposite ends 12 and 14 of the woven fabric 
belt In the illustrated construction this flat surface 
is formed by a sheet metal housing 51 supported 

40 by the frame 50 and including a planar horizontal 
upper surface. 

The frame 50 also supports a conventional 
Jacquard machine 60. The Jacquard machine be- 
' ing adapted to control the shed opening formed by 

45 the weft threads 18 of the strip 16. In one preferred 
form of the invention, the Jacquard machine can be 
a Jacquard device produced by Samuel Dracup & 
Sons, Ltd., Lane Close Mills, Great Horton, Brad- 
ford West Yorkshire, England. This conventional 

so and commercially available Jacquard machine 60 
is supported by the frame 50 such that the needles 
of the Jacquard machine project upwardly and are 
adapted to move vertically in response to operation 
of the Jacquard machine. 

55 The frame also supports a heddling assembly 

62 and a conventional spring box 64 mounted 
vertically above the Jacquard machine 60. As is 
conventional, the spring box 64 includes a large 
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number of vertically mounted coil springs, at least 
one spring being provided for each of the weft 
threads 18 of the strip 16. A plurality of heddles 66, 
to be described in greater detail hereinafter, are 
mounted between the springs of the spring box 64 
and the vertically reciprocal needles of the Jac- 
quard machine 60. An individual heddle 66 sur- 
rounds each one of the weft threads 18, and the 
heddles 68 are connected to respective ones of the 
vertically oriented springs of the spring box 64 and 
to respective ones of the needles of the Jacquard 
machine 60. As is conventional, the Jacquard ma- 
chine 60 operates to cause selected ones of the 
needles to be moved vertically thereby causing a 
consequent vertical movement of the heddle 66 
connected to that needle. Such movement of the 
heddles 66 results in movement of the weft threads 
18 and formation of a shed opening. It will be 
understood by those skilled in the art that by the 
use of the Jacquard heddling device, the shed 
opening 36 formed by the weft threads 18 can be 
varied in any desired pattern and the width of the 
shed opening 36 can be varied depending upon 
the seam style desired. 

. One of the features of the present invention is 
the provision of heddles 66 which can be slideabfy 
placed over the weft threads 18 and wherein the 
heddles are constructed such that the individual 
weft threads 18 do not have to be threaded through 
the heddles 66. Referring more particularly to the 
construction of the heddles illustrated in the draw- 
ings, as shown in Fig. 13 each heddle is comprised 
of a pair of thin metal blades 67 and 69 of substan- 
tially the same length. These blades 67 and 69 are 
positioned in parallel facing relation and a thin 
circular metal disc 71 is positioned between the 
ends of the blades so as to support these ends of 
adjacent parallel blades in spaced parallel facing 
relation. The circular metal disc has a thickness 
slightly greater than the thickness of the weft 
threads. The blades 67 and 69 are fixedly joined to 
the metal disc 71. While the means for joining the 
blades 67 and 69 to the metal disc could have 
various constructions, in one preferred form of the 
invention, the blades 67 and 69 are laser welded to 
the metal disc 71. The heddle 66 also includes a 
second metal disc 73 positioned between the 
blades 67 and 69 adjacent the first metal disc 71 
but spaced therefrom. The second metal disc 73 is 
fixed to one of the blades 67 and includes a planar 
side adapted to contact the other metal blade 69. 
In a preferred form of the invention, the blades 67 
and 69 are flexible, and since the blades are joined 
together at only one end, they can be spread apart 
as shown in Rg. 13. 



In operation, once the strip 16 of woven ma- 
terial is laid in place and once the warp threads are 
removed, heddles 66 are placed over individual 
weft threads 18. The free ends of the blades 67 
5 and 69 of the heddles 66 are separated and slip- 
ped over weft threads 18. The blades 67 and 69 
are sufficiently flexible that the blade 67 can be 
pulled away from the second disc 73 sufficiently 
that the weft thread 18 can be passed between the 

io blade 67 and the second disc so as to be posi- 
tioned between the discs 71 and 73 and the blades 
67 and 69. The weft thread is thus securely held in 
the heddle 66. 

Referring now more particularly to the appara- 

75 tus for separating successive ones of the warp 
threads 24 from the fringe 20, such that those 
successive warp threads 24 can be conveyed 
through the shed opening 36, the means for sepa- 
rating the warp threads is illustrated more particu- 

20 larly in Figs. 6 and 8-11. The apparatus on one 
side of the woven seam 10 for separating warp 
threads 24 and for feeding them into the weft 
threads 18 so as to form the woven seam is a 
mirror image of the apparatus provided on the 

25 opposite side of the seam. Accordingly, only the 
apparatus on one side of the seam will be de- 
scribed in detail. 

In the illustrated construction, a pair of depend- 
ing arms 70 extend downwardly from the free end 

30 of the canti levered frame 56, each of the arms 70 
having an upper end fixed to the free end of the 
cantilevered frame 56. The downwardly depending 
arms 70 are substantially the same in construction 
and accordingly, only one will be described in 

55 detail. The downwardly depending arms 70 each 
support a horizontally extending support arm 72 - 
(Figs. 6, 8 and 9) and a slide track or slide body 
74. The means for separating successive warp 
threads 24 from the fringe 20 includes a separator 

40 body 28 adapted to be horizontally moveable from 
a retracted position shown in phantom in Rg. 9 to 
an extended position wherein the separator body 
28 can engage and grip the next successive one of 
the warp threads 24 of the fringe 20. Means are 

45 also provided for supporting the separator body 28 
for such reciprocal movement. While the separator 
body 28 could be supported in various ways, in the 
illustrated construction, and as shown in Rg. 11, 
the lower surface 76 of the slide track 74 includes 

so an elongated, T-shaped groove 78 extending along 
the length of the slide track 74, and a T-shaped 
slide member 80 is housed in the groove 78 and is 
reciprocably moveable therein in the direction of 
the longitudinal axis of the slide track 74. The 

55 separator body 28 is fixed to the slide member 80 
so as to be reciprocably moveable with the slide 
member 80. 
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Means are also provided for causing reciproca- 
bie linear movement of the separator body 28 
between the extended position and the retracted 
position. In the illustrated embodiment of the inven- 
tion, this means for causing such movement in- 
cludes a pneumatic cylinder 82 and piston 84. The 
cylinder 82 includes a forward end fixedly joined to 
the slide track 74, and the free end of the piston 84 
is connected to the slide member 80. While the 
pneumatic cylinder 82 could comprise any suitable 
commercially available cylinder assembly, in one 
preferred form of the invention, the piston and 
cylinder can be commercially available products 
manufactured by Kuhnke Pneumatic, 
Malente/Holstein, West Germany. 

Referring more particularly to the separator 28, 
in the illustrated construction, it comprises a very 
small L-shaped plate, the plate being positioned 
such that it defines a generally horizontal plane and 
the leg of the 86 extends forwardly toward the 
fringe. The separator body 28 also includes a 
groove 88 formed at the juncture of the leg 86 of 
the separator and the body portion, this groove 88 
being adapted to house a plurality of warp threads 
24 of the fringe 20. The separator 28 also includes 
a selection needle 90 housed in a narrow generally 
planar and horizontally oriented slot 91 bisecting a 
portion of the separator body 28. The selection 
needle 90 is supported there for horizontal recipro- 
cal movement in the narrow planar slot 91 in a 
direction perpendicular to the vertical plane defined 
by the fringe 20 of warp threads 24. The selection 
needle 90 includes a very small hook 92 adapted 
to engage a single warp thread 24 of the fringe 20 
and to clampingly force that warp thread 24 against 
the surface 94 of the leg portion 86 of the separa- 
tor body. 

Means are also provided for causing the selec- 
tion needle 90 to move reciprocably between a 
retracted position and a position wherein the hook 
portion 92 can engage a warp thread. In the illus- 
trated construction, this means comprises a small 
pneumatic cylinder 96 fixed to the separator body 
28 and a piston 98 being connected to the selec- 
tion needle 90. The cylinder 96 is connected to a 
source of air pressure by a flexible hose 100. 

Means are also provided for resiliently support- 
ing the selection needle 90 such that as the sepa- 
rator body 28 moves from the retracted position to 
the extended position wherein the selection needle 
90 engages the leading warp thread 24, the selec- 
tion needle 90 will yield to the force applied on the 
selection needle 90 by the warp thread 24 thereby 
preventing the separator apparatus from causing 
the warp threads 24 to bunch up when the warp 
threads are engaged by the selection needle 90. In 
the illustrated construction, the horizontal narrow 
slot 91 in the separator body supports the selection 



needle 90 such that it is moveable in the slot 91 in 
a generally horizontal plane and toward and away 
from the warp threads 24. A very light leaf spring 
102 is mounted in the slot 91 and yieldably resil- 

5 iently supports the selection needle 90. The leaf 
spring 102 is particularly selected to support the 
selection needle but to permit sufficient movement 
of the selection needle when it engages the lead 
warp thread 24 and so as to prevent bunching of 

ro the warp threads. 

As best illustrated in Figure 6, in a preferred 
form of the invention, the separator body 28 is 
supported such that it is positioned between weft 
threads 22 of the ribbon supporting the free edge 

75 of the warp threads 24. The separator body 28 is 
adapted to be slideable reciprocable in the direc- 
tion of the weft threads 22 and between the weft 
threads. The weft threads 22 will thus ensure align- 
ment or proper positioning of the ends of the warp 

20 threads 24 with respect to the separator body 28. 

As previously stated, means are also provided 
for gripping the warp thread 24 pulled away from 
the fringe by the separator 28 and for moving the 
free end of the warp thread 24 to a position adja- 

25 cent the shed opening 36 and to one side of the 
shed opening 26 whereby the warp thread 24 may 
be gripped by an interlace arm 40. This means 
includes the transfer arm 30 best illustrated in 
Figures 6 and 8-11. The transfer arm 30 is gen- 

30 erally L-shaped and includes one end 32 adapted 
to grip the warp thread 24 and an opposite end 104 
supported by the frame. More particularly, the 
frame or support structure includes a rearwardly 
and horizontally extending rigid arm 106 adapted to 

35 support the opposite end 104 of the transfer arm 
30. The free end of the transfer arm, i.e. that end 
32 of the transfer arm 30 adapted to be positioned 
adjacent the separator assembly, includes means 
for gripping the selected separated warp thread 24. 

40 While the means for gripping could have other 
construction, as best shown in Figs. 9 and 12, a 
notch or opening 108 is cut in the free end 32 of 
the transfer arm 30, and the free end of the transfer 
arm is hollow and functions as a cylinder 109. The 

45 cylinder houses a pneumatically operated piston 
110, the piston 110 being supported for movement 
between a first position wherein the notch 108 is 
open and a second position wherein the piston 110 
moves toward the free end of the transfer arm 30 

so to clamp the selected warp thread 24 against the 
end of the notch 108 to thereby clampingly engage 
the warp thread 24 as shown in Fig. 12. 

Means are also provided for causing pivoting 
movement of the transfer arm 30 such that the free 

55 end of the warp thread 24 is carried downwardly 
toward the plane of the woven seam and inwardly 
from a vertical plane adjacent the edge of the seam 
to a position toward the center of the seam, tn the 
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illustrated construction, this means comprises a 
pneumatic rotary cylinder 112 fixed to the support 
arm 106, and the piston 114 of the rotary cylinder 
112 also defines a cylinder of a pneumatic linearly 
extensible cylinder assembly. A reciprocable piston s 
116 is fixed to the end 104 of the transfer arm 30. 
While the rotary piston 114 and cylinder 112 could 
comprise any conventional rotary pneumatic piston 
and cylinder, in one embodiment of the invention, 
they can comprise a commercially available rotary 
piston and cylinder manufactured by Microtechnik, x 
Grenchen/Switzerland . 

In operation of the transfer arm 30, it is initially 
positioned as shown in Figure 6 with the piston 110 
(Fig. 12) housed in the free end 32 of the transfer 
arm 30 in a retracted position. When the separator 
28 functions to grip a warp thread 24 and pull it 
away from the remaining warp threads of the fringe 
20, and when the separator body 28 moves rear- 
wardly, the warp thread 24 is pulled into the notch 
108 in the free end 32 of the transfer arm 30. The 
piston 1 10 in the free end 32 of the transfer arm 30 
is then actuated so as to clamp the warp thread 24 
against the end wall 111 of the notch 108. The 
linear piston 116 and cylinder 114 are then ac- 
tuated to cause inward movement of the transfer 
arm 30, i.e. movement of the transfer arm 30 
toward the center of the seam 10. The free end 32 
of the warp thread 24 is thus moved away from the 
separator apparatus 28. The rotary cylinder 112 of 30 
the transfer arm is then actuated to cause rotation 
of the transfer arm 30 from the position shown in 
Rg. 6 to a position wherein the free end of the 
transfer arm 30 is adjacent the plane of the seam. 

Means are also provided for gripping the warp 35 
thread 24 held by the transfer arm 30 for pulling 
the free end of the warp thread through the shed 
opening 36 to the other side of the seam area. In 
the illustrated arrangement, this means includes the 
interlace arm 40 supported for pivotal movement 40 
about a generally vertical axis. In the illustrated 
arrangement, the interlace arm 40 is generally L- 
shaped and includes one end 120 p'rvotally sup- 
ported for pivotal movement about a vertical axis 
and an opposite or free* end 122 supported for as 
movement in a generally horizontal path from one 
side of the seam 10 through the shed opening 36 
to an opposite side of the seam. The free end 122 
of the interlace arm 40 is similar in construction to 
the free end 32 of the transfer arm 30 in that it also so 
includes means for gripping a warp thread as illus- 
trated in Fig. 12. More particularly, the free end 
122 of the interlace arm 40 includes a notch 124 
adapted to house the end of the warp thread, and 
the free end 122 of the interlace arm 40 is tubular 55 
so as to define a cylinder housing a piston movea- 
ble from a retracted position to a warp thread 
clamping position. 



In operation of the interlace arm 40, prior to 
downward pivotal movement of the transfer arm 30, 
the interlace arm 40 will swing from a retracted 
position (Rg. 2) through the shed opening 36 to the 
position illustrated in Rg. 3 wherein the free end 
122 of the interlace arm 40 is adjacent the edge of 
the seam 10. When the transfer arm 30 is then 
caused to pivot downwardly, the free end 32 of the 
transfer arm 30 will move downwardly over the free 
end 122 of the interlace arm 40 thereby draping 
the warp thread 24 over the free end 122 of the 
interlace arm 40 such that the warp thread 24 can 
be received in the notch 124 provided in the inter- 
lace arm 40. The piston in the free end of the 
Interlace arm is caused to extend such that it will 
clampingly engage the warp thread 24, and the 
piston clamping means of the transfer arm 30 will 
refease the warp thread. The transfer arm 30 will 
be pivoted to its original position, and the interlace 
arm 40 will also be returned to its retracted position 
(Rg. 4) with the free end 122 of the interlace arm 
40 pulling the warp thread 24 through the shed 
opening. 

It should be understood that in other applica- 
tions, the interlace arm 40 could have other con- 
figurations, and other means could be provided for 
causing translation^ movement of the free end 122 
of the interlace arm 40 for movement from the 
retracted position to a position wherein the free end 
of the interlace arm extends through the shed 
opening 36 to a position wherein the free end 122 
of the interlace arm 40 extends through the shed 
opening 32 to a position where it can grip a warp 
thread 24 held by the transfer arm. For example, in 
other embodiments, the interlace arm could be 
linear and a relatively long stroke piston and cyl- 
inder could be provided for causing linear move- 
ment of an end of such an interlace means. 

Means are aiso provided for gripping the end 
of the warp thread 24 supported by the free end 
122 of the interlace arm 40 after the interlace arm 
has pulled the end of the warp thread 24 through 
the shed opening 36 and for pulling this free end of 
the warp thread rearwardly and upwardly out of the 
shed area and for causing the warp thread to 
engage the seam face 46. This means also pro- 
vides means for keeping tension on the warp 
thread while reed dents can engage the warp 
thread and force the warp thread against the seam 
face 46. This means for gripping the end of the 
warp thread 24 includes an extractor gripper 44 
which comprises a generally vertically extending 
arm. The lower end 130 (Rg. 6) of the extractor 
gripper arm 44 includes means for gripping the 
free end of the warp thread 24 held by interlace 
arm 40. In a preferred form of the invention, this 
means for gripping is similar to that provided on a 
free end of the transfer arm 30 and the free end 32 
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of the interlace arm 40 and comprises a piston and 
cylinder arrangement. The lower end 130 of the 
extractor gripper arm is tubular* and functions as a 
cylinder housing a piston. The lower end 130 of the 
extractor arm 44 includes a notch 132 adapted to 
house the end of the warp thread 24, and a piston 
131 housed in the lower end 130 is reciprocably 
moveable so as to clampingly engage the warp 
thread 24. Means are also provided for causing 
translations horizontal movement of the extractor 
arm 44 from a retracted position shown in Fig. 6 to 
a forward position wherein the extractor gripper can 
clampingly engage a warp thread extending 
through the shed opening 36. Fig. 4 illustrates one 
of the extractor arms 44 having been moved for- 
wardly from the retracted position shown in phan- 
tom in Fig. 4 to a forward position wherein it can 
engage a warp thread 24. While the means for 
causing horizontal reciprocal movement of the ex- 
tractor arm 44 could have various constructions, in 
the illustrated arrangement, the extractor arm 44 is 
supported for movement by a linear bearing 136 
supported by an upper end of the support arm 70 
which is in turn fixed to the free end of the cantile- 
vered frame 56. The linear bearing 136 includes a 
horizontally extending rod 138, and the extractor 
arm 44 is supported by a slide member 140 sup- , 
ported on the rod 1 38 for linear reciprocable move- 
ment. Means are also provided for causing se- 
lected translation^ movement of the slide member 
140 along the support rod 138. While this means 
could include a conventional pneumatic piston and 
cylinder, in the illustrated arrangement, the means 
for causing movement of the slide member 140 
includes a commercially available pneumatic cable 
cylinder 142 manufactured by Martonair, Twicken- 
haun, England. The cable cylinder 142 generally 
includes a cable 144 reeved over a pair of pulleys 
146. The slide member 140 is fixed to the cable 
144. The cable cylinder 142 also includes a cyl- 
inder 146, and a piston 148 is housed in the 
cylinder 146. The cable 144 is connected to the 
piston 148. When air pressure is provided to the 
cylinder 146, the piston 148 causes movement of 
the cable 144 and translation^ movement of the 
slide member 140 on the support rod 138. 

The extractor gripper assembly also includes 
means for causing selected vertical movement of 
the lower end 130 of the extractor arm 44. in a 
preferred form of the invention, this means com- 
prises a pair of pneumatic cylinders 150 and 152 
mounted in vertically stacked relation. More par- 
ticularly, this means includes a first pneumatic cyl- 
inder 150 fixed to the slide member 140 and moun- 
ted vertically. This cylinder 150 includes a piston 
T54 and the second cylinder 152 is fixedly at- 
tached to the lower end of this piston 154. The 



second cylinder 152 houses a piston 156 also 
supported for vertcial reciprocal movement. The 
lower end of the piston 156 supports the extractor 
arm 44. 

s In operation of the extractor gripper 44, the 

cable cylinder 142 is actuated to cause the extrac- 
tor gripper 44 to move forwardly from the position 
shown in Figure 6 to a forward position wherein the 
lower end 130 of the extractor gripper 44 is adja- 

10 cent the shed opening 36. The cylinders 150 and 
152 are then actuated to cause downward move- 
ment of the extractor gripper 44 , to a position 
wherein the notch 132 can receive the warp thread 
24 as the interlace arm 40 pulls the warp thread 24 

75 through the shed opening. The warp thread 24 is 
then clampingly engaged in the notch 132 by the 
piston 131. The cylinder 152 is then actuated to 
cause upward movement of the extractor gripper 
arm 44 to a position wherein the warp thread 24 

20 held by the free end 130 of the extractor gripper 44 
will be positioned slightly above the plane of the 
seam. The cable cylinder 142 is then actuated 
again to cause rearward translational movement of 
the extractor arm 44 thereby pulling the warp 

25 thread 24 rearwardly such that it is pulled against 
the seam face 46 and the free end of the warp 
thread 24 is pulled under the ski 154. The second 
cylinder 150 is then actuated to cause upward 
movement of the extractor arm 44 to the position 

30 which is shown in Fig. 6. 

Means are also provided for beating the warp 
thread 24 against the seam face 46 in a manner 
which provides for alignment of the knuckles of the 
fabric. The means for beating the warp threads 24 

35 against the seam face 46 is best shown in Fig. 7 
and generally comprises a lay and reed mecha- 
nism 160 supported by the frame 50 and posi- 
tioned below the woven seam 10 being formed. 
The lay and reed mechanism 160 includes a plural- 

40 ity of reed dents 162, the reed dents 162 being 
conventional and generally comprising thin elon- 
gated metal strips positioned in side by side 
stacked relation, the reed dents defining a plurality 
of closely spaced vertical paraded planes, and with 

45 one of the strips or reed dents 162 being posi- 
tioned between each pair of weft threads 18. The 
lay and reed mechanism 160 also includes means 
for supporting the plurality of reed dents 162 such 
that they are moveable from the position shown in 

so Fig. 7 in solid lines to the dotted line or phantom 
position. 

More particularly, the means for supporting the 
reed dents 162 includes a support arm 164 which 
is pivotably joined at its lower end to the machine 
55 frame 50 for pivotal movement between the solid 
line position or retracted position shown in Fig. 7 
and the phantom position wherein the reed dents 
162 can beat the warp thread 24 into the seam 
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face 46. Means are also provided for causing such 
reciprocal or pivotal movement of the support arm 
164. In the illustrated construction, this means in* 
eludes a pneumatic piston 1 66 pivotably connected 
by a pin 168 to the machine frame 50 and includ-. 
ing a piston 1 70 pivotably connected to the support 
arm 164 by a pin 172 at a point intermediate the 
opposite ends of the support arm 1 64. The upper 
end of the support arm 164 includes a pivot shaft 
174. The planar thin metal strips forming the reed 
dents 162 are mounted in side by side stacked 
relationship on this pivot shaft 174 f and the reed 
dents 162 are supported on pivot shaft 174 to be 
freely pivotable about the axis of this pivot shaft 
174 and are freely and independently moveable 
with respect to each other. One of the features of 
the invention is the provision of means, when the 
support arm is in the phantom position shown in 
Rg. 7, for causing engagement of successive ones 
of the reed dents 162 against the warp thread 24 to 
beat the warp thread against the seam face 46^ 
This means provides for a wave action of the reed 
dents 162. This wave action propagating from one 
side of the seam to the other and in the direction of 
the free end of the warp thread being forced 
against the seam face. Stated alternatively, succes- 
sive ones of the reed dents 1 62 from one side of 
the seam face to an opposite side of the seam face 
engage the warp thread and pound it against the 
seam face 46. When the pneumatic cylinder 166 
causes the support arm 164 to pivot from the solid 
line position shown in Rg. 7 to the phantom line 
position, the reed dents 164 are moved to the 
dotted line position. Means are also provided for 
causing these reed dents 162 to move to the 
broken line position shown in Rg. 7 wherein these 
reed dents 162 will engage the warp thread and 
force it against the seam face 46. This means for 
causing the reed dents 162 to move from the 
dotted line position to the broken line position in 
Rg. 7 includes a reed roller 180 adapted to engage 
the lower ends 182 of the reed dents 162 as shown 
in Rg. 7. The reed roller 180 is supported for 
translational movement in the direction of the axis 
of the horizontal pivot shaft 174 of the reed dents 
162 such that the roller 180 can move from one 
end of the pivot shaft 174 to the opposite end and 
contact successive ones of the reed dents 162 as it 
moves reciprocably in this manner. As the reed 
roller 180 moves aJong the length of the horizontal 
pivot shaft 174 it will contact successive ones of 
the reed dents causing them to pivot from the 
dotted line position shown in Rg. 7 to the broken 
line position. 

Means are also provided for causing such tran- 
slational movement of the reed roller 180 along the 
length of the horizontal pivot shaft 174. In the 
illustrated construction, the reed roller 180 is sup- 



ported for rotation about the axis of a generally 
vertically extending shaft 186, the reed roller 180 
being freely rotatable about this shaft. The lower 
end of the shaft 186 is supported by a slide mem- 

s ber 188 supported for slideable reciprocable move- 
ment on a pair of support rods 190. The lower end' 
of the slide member 188 is fixed to a cable 192 of 
a cable cylinder 194 having the same structure as 
the cable cylinder 142 supporting the extractor 

70 gripper arm 44. Operation of the cable cylinder 194 
is functional to cause translational reciprocal move- 
ment of the slide member 188 and the reed roller 
180 along the support shafts 190 and in the direc- 
tion of the longitudinal axis of the pivot shaft 174 of 

is the reed dents. While the slide member 188 has 
been described as being driven by a cable cylinder 
194, it will be readily understood that in other 
embodiments of the invention, an elongated pneu- 
matic piston and cylinder arrangement could be 

20 provided to cause such translational movement 
Similarly, a screwdrive arrangement or other similar 
conventional device could also be employed. 

In a preferred form of the invention, the frame 
50 also includes an electric motor 51 operably 

25 drivingly connected to at least one wheel 52 sup- 
porting the frame 50 such that the seaming ma- 
chine is mechanically driven along the length of the 
seam as the seam weaving process continues. 
Means are also provided for sending a signal 

30 to the electric motor 51 to cause operation of the 
electric motor 51 and movement of the frame 50 as 
the seam weaving process continues and the seam 
face builds up. In a preferred form of the invention, 
the lay and reed mechanism 160 includes means 

35 for sending a signal to the electric drive motor 51 
for causing the motor to cause a slight advance of 
the machine when the seam face 46 builds up. In 
the illustrated construction, this means for sending 
a signal to the motor includes ah electrical switch 

40 196 fixed to the support arm 164. in a preferred 
form of the invention, the reed dents 162 and the 
structure for causing pivotal movement of the reed 
dents about the horizontal pivot shaft 174 are all 
supported by a frame 198, the frame 198 being 

45 pivotably joined by a pivot pin 200 to the upper 
end of the support arm 164. The frame 198 is 
supported for limited pivotal movement with re- 
spect to the upper end of the support arm 164. The 
.frame structure 198, the reed mechanism and the 

so means for causing respective pivotal movement of 
the reed dents 162 are weighted such that when 
the support arm is in the position shown in phan- 
tom in Rg. 7, the weight of this structure tends to 
cause the reed dent supporting mechanism to pivot 

55 about the shaft in a clockwise direction as seen in 
Rg. 7. As the seam face 46 builds up, when the 
reed dents pivot from the dotted line position to the 
broken line position in Rg. 7, the seam face 46 will 
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restrict the movement of the reed dents. When the 
seam face builds up sufficiently, when the reed 
dents are forced into engagement with the seam 
face, the frame 198 will pivot in a counterclockwise 
direction and will engage the switch 196 thereby 
sending a signal to the electric motor 51 to ad- 
vance the seaming machine incrementally forward- 
ly away from the seam face 46. 

Means are also provided for controlling the 
operation of the pneumatic piston and cylinder 
assemblies described above and for supplying air 
pressure to these piston and cylinder assemblies 
so as to cause operation of the pneumatic cylinder 
assemblies in a controlled sequence. In a preferred 
form of the invention, the control means can be 
housed in the control housing 58 and can comprise 
a commercially available Martonaire Bi-Selector 
Model/660H manufactured by Martonaire, Ltd., 
Twickenham, England. As is conventional, this con- 
trol apparatus can be operably connected by air 
lines to each of the pneumatically operated piston 
and cylinders through a series of control valves. 
The pneumatic sequencer operates to supply air to 
the pneumatic piston and cylinders in sequence to 
thereby provide for a step by step controlled and 
sequential operation of the various components. 

In a prefered form of the invention, means are 
also provided for halting operation of the machine 
in the event any one of the piston and cylinder 
assemblies of the type shown in Fig. 12 fails to 
properly grip a thread. As described above, each 
gripper includes a piston and cylinder arrangement. 
The end of each such cylinder is provided with an 
electrical contact 210 (Fig. 12) and the piston also 
includes an electrical contact 212. When a thread 
is properly engaged by a gripper apparatus, the 
thread 24 will be positioned between the piston 
contact 212 and cylinder contact 210 thereby pre- 
venting electrical contact between the piston con- 
tact 212 and cylinder contact 210. If, on the other 
hand, the thread is not properly gripped, the end of 
the piston will make electrical contact with the 
cylinder contact 210 and the machine will be shut 
off. If desired, the electrical apparatus for shutting 
off the machine can also cause an alarm to be 
sounded. One of the features of the invention is 
that in the event the machine is shut off due to 
failure by one of the grippers to properly grip the 
warp thread 24, the operator can then cause the 
heddling sequence to reverse to a point where any 
flaw that has been created can be corrected. 

Another of the advantages of the apparatus 
embodying the present invention is that the seam 
width can be adjustable from, for example, approxi- 
mately 2 inches to approximately 6 inches depend- 
ing on the type of fabric being seamed and the 
width of the seam desired. In a preferred form of 
the invention the downwardly extending support 



arms 70 are connected to the cantilevered frame 
56 in a manner which permits adjustable move- 
ment of the arms toward and away from each other 
so as to permit adjustment of the positioning of the 
5 selector mechanisms and the warp thread transfer 
and weaving means. Accordingly, the width of the 
fabric strip positioned between the ends of the 
woven fabric can be of any desired width and the 
resulting seam can have any selected width. 

10 

Claims 

1. Apparatus for forming a seam in a length of 
75 woven fabric having opposite ends to join together 

the opposite ends of the fabric by means of a 
woven seam and to thereby form an endless woven 
fabric belt, and for use with means for supporting a 
strip of weft threads in parallel relation and for 

20 supporting the opposite ends of the fabric in close- 
ly spaced relation on opposite sides of the strip of 
weft threads, the opposite ends of the fabric each 
including a fringe of warp threads, the warp threads 
of the opposite ends of the woven fabric being 

25 supported such that they can be interleaved with 
the weft threads supported between the opposite 
ends to thereby form a woven seam, the apparatus 
comprising 

means for causing the weft threads to form a shed 

30 opening, 

means for gripping successive ones of the warp 
threads of the fringe and for pulling these warp 
threads through the shed opening, said means for 
gripping the warp threads including a first arm 

35 having opposite ends, the first arm being supported 
for movement from a first position wherein one end 
of said first arm extends through said shed opening 
and a second position wherein said one end of said 
arm is retracted from said shed opening, and one 

40 end of said arm including means for selectively 
gripping a warp thread. 

2. Apparatus for forming a seam in a length of 
woven fabric having opposite ends to join together 
the opposite ends of the fabric by means of a 

45 woven seam and to thereby form an endless woven 
fabric belt, and for use with means for supporting a 
strip of weft threads in parallel relation and for 
supporting the opposite ends of the fabric in close- 
ly spaced relation on opposite sides of the strip of 

so weft threads, the opposite ends of the fabric each 
including a fringe of warp threads, the warp threads 
of the opposite ends of the woven fabric being 
supported such that they can be interweaved with 
the weft threads supported between the opposite 

55 ends to thereby form a woven' seam, the apparatus 
comprising 

means for causing the weft threads to form a shed 
opening, 
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means for gripping successive ones of the warp 
threads of the fringe and for separating the succes- 
sive ones of the warp threads from the fringe, said 
means for gripping and separating including a first 
moveable member having an end adapted to be 
reciprocably moveable from a retracted position to 
a warp thread engaging position, and 
means for gripping successive ones of the warp 
threads separated from the fringe and for pulling 
these warp threads through the shed opening. 

3. Apparatus for forming a seam" in a length of 
woven fabric having opposite ends to join together 
the opposite ends of the fabric by means of a 
woven seam and to thereby form an endless woven 
fabric belt, and for use with means for supporting a 
strip of weft threads in parallel relation and for 
supporting the opposite ends of the fabric in close- 
ly spaced relation on opposite sides of the strip of 
weft threads, the opposite ends of the fabric each 
including a fringe of warp threads, the warp threads 
of the opposite ends of the woven fabric being 
supported such that they can be interweaved with 
the weft threads supported between the opposite 
ends to thereby form a woven seam, the apparatus 
comprising 

means for causing the weft threads to form a first 
shed opening, 

means for gripping a first one of said warp threads 
from the fringe of one of said ends of the fabric 
and for separating said first one of said warp 
threads from the fringe, 

means for gripping said first ones of the. warp 
threads and for pulling said first one of said warp 
threads through the first shed opening, said means 
for gripping the warp threads including a first arm 
having opposite ends, the first arm being supported 
for movement from a first position wherein one end 
of said first arm extends through said first shed 
opening and a second position wherein said one 
end of said arm is pulled through said first shed 
opening, said end of said arm including means for 
selectively gripping a warp thread, 
means for forcing said first one of said warp 
threads against the seam, 

means for causing the weft threads to form a 
second shed opening, 

means for separating a second warp thread from 
the fringe of the other of said ends of the fabric, 
and 

means for gripping said second warp thread and 
for pulling said second warp thread through the 
second shed opening, said means for gripping said 
second warp thread including a second arm having 
opposite ends. 

4. The apparatus as set forth in Claim 1, 2 or 3 
wherein said means for forming said shed opening 
includes a Jacquard machine. 



5. Apparatus as set forth in Claim 4 wherein 
said Jacquard machine includes a plurality of nee- 
dles positioned below the weft threads and sup- 
ported for vertical reciprocable movement, a spring 

s box positioned above the weft threads, the spring 
box including a plurality of springs, and a plurality 
of heddles located between said needles and the 
spring box, the heddles being connected to said 
needles and to said springs of the spring box, the 

70 heddles being adapted to engage weft threads and 
to cause vertical movement of the weft threads to 
form the shed opening in response to movement of 
said needles. 

6. Apparatus as set forth in Claim 5 wherein 
is said heddles can be slideably inserted over said 

weft threads such that the weft threads are housed 
in the heddles. 

7. Apparatus as set forth in Claim 1 and 
wherein said means for gripping successive warp 

20 threads includes means for separating successive 
ones of said ends of said warp threads from said 
fringe, and means for transferring said ends of said 
warp threads one at a time to said one end of said 
first arm when said one end of said first arm 

25 extends through said shed opening. 

8. Apparatus as set forth in Claim 7 wherein 
said means for separating successive ones of said 
ends of said warp threads includes a first moveable 
member having an end adapted to be reciprocably 

30 moveable from a retracted position to a warp 
thread engaging position. 

9. Apparatus as set forth in Claim 2 or 8 
wherein said fringe is supported in generally verti- 
cal relation and includes a plurality of warp threads 

35 positioned in side by side parallel relation, the warp 
threads being supported by at least one weft 
thread at the periphery of the fringe, and wherein 
the first moveable member is reciprocably movea- 
ble in a direction parallel to the weft thread. 

40 10. Apparatus as set forth in Claim 2, 8 or 9 

wherein said first moveable member includes 
means for gripping the first warp thread encoun- 
tered as said first moveable member moves from a 
retracted position to a warp thread engaging posi- 

45 tion. 

11. Apparatus as set forth in Claim 10 wherein 
said means for separating successive ones of said 
warp threads further includes means for resiliently 
supporting said means for gripping the . first warp 

so thread encountered. 

12. Apparatus as set forth in Claim 2 or 8 and 
wherein said means for transferring said ends of 
said warp threads includes a transfer arm, said arm 
having opposite ends, one of said ends including 

55 means for gripping a warp thread separated from 
said fringe by said first moveable member, said 
transfer arm being supported for movement be- 
tween a first position wherein said one of said ends 
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is adjacent said first moveable member wherein 
said transfer arm means for gripping can engage a 
warp thread and a second position wherein said 
one of said ends of said transfer arm carries said 
warp thread to a second position. 

13. Apparatus as set forth in Claim 1 wherein 
said one of said ends of said first arm is adapted to 
move through said shed opening from one side of 
said seam to grip a warp thread on an opposite 
side of said seam and adapted pull said warp 
thread through the shed opening to said one side 
of the seam, and wherein said means for gripping 
successive warp threads and for pulling them 
through said shed opening includes a second arm 
having opposite ends, one of said opposite ends of 
said second arm being adapted to move through a 
second shed opening from said opposite side of 
said seam to said one side of said seam wherein 
said one of said opposite ends of said second arm 
can engage a warp thread and being adapted to 
move through said second shed opening to pull 
said warp thread through said second shed open- 
ing. 

14. Apparatus as set forth in Claim 1 or 2 and 
further including means for forcing said warp 
thread pulled through said shed opening against 
the seam face, said means for forcing including a 
plurality of reed dents, said reed dents being sup- 
ported in closely spaced relation, said reed dents 
being positioned between weft threads and sepa- 
rating the weft threads. 

15. Apparatus as set forth in Claim 14 wherein 
said means for forcing the weft thread against the 
seam face includes means for supporting said reed 
dents for movement from a first position spaced 
from the seam face to a second position adjacent 
the seam face but closely spaced from the seam 
face, and means for causing successive ones of 
said reed dents to move from said second position 
to a position wherein said warp thread is forced 
against said seam face. 

16. Apparatus as set forth in Claim 15 wherein 
said means for causing movement of individual 
ones of said reed dents causes movement of suc- 
cessive ones of said reed dents from one end of 
the seam face to the opposite end of the seam 
face. 

17. Apparatus as set forth in Claim 15 wherein 
said reed dents are supported for limited pivotal 
movement about an axis parallel to the seam face 
and for independent movement about said axis with 
respect to each other and wherein said means for 
causing successive ones of said reed dents to 
engage said warp thread includes a roller sup- 
ported for movement along the seam face and for 
engaging the reed dents as the roller moves along 



the seam face and for causing the reed dents to 
force the warp thread against the seam face as the 
roller moves along the seam face. 

18. Apparatus as set forth in Claim 2 and 

s wherein said means for gripping successive warp 
threads includes means for transferring said ends 
of said warp threads one at a time to said one end 
of said first arm when said one end of said first 
arm extends through said shed opening. 

10 19. Apparatus as set forth in Claim 2 wherein 

said means for gripping successive warp threads 
and for pulling them through the ,shed opening 
includes a first arm having opposite ends, one of 
said ends adapted to move through a first shed 

75 opening from one side of the seam to grip a warp 
thread on an opposite side of seam and to pull the 
warp thread through the first shed opening to said 
one side of the seam, and a second arm having 
opposite ends, one of said opposite ends of said 

•20 second arm being adapted to move through a 
second shed opening from said opposite side of 
said seam to said one side of said seam wherein 
said one of said opposite ends of said second arm 
can engage a warp thread and then move through 

25 the second shed opening to pull said warp thread 
through the shed opening. 

20. Apparatus as set forth in Claim 3 and 
further including means for transferring said ends 
of said warp threads from said means for separat- 

30 ing said first warp thread from the fringe to said 
one end of said first arm when said one end of said 
first arm extends through said shed opening, said 
means for transferring including a pivotable transfer 
arm. 

35 21. Apparatus as set forth in Claim 20 and 

wherein said transfer arm includes opposite ends, 
one of said ends including means for gripping a 
warp thread separated from said fringe by said 
means for separating said transfer arm being sup- 

40 ported for pivotable movement between a first posi- 
tion wherein said one of said ends is adjacent said 
means for separating wherein said transfer arm 
means for gripping can engage a warp thread and 
a second position wherein said one of said ends of 

45 said transfer arm carries said warp thread to said 
one end of said first arm. 

22. A heddle for use in a Jacquard heddling 
machine and including opposite ends, one end 
adapted to be connected to a spring of a spring 

so box and an opposite end adapted to be connected 
to a needle of a Jacquard machine, the heddle 
being adapted to engage a weft thread and com- 
prising 

a pair of thin flexible metal blades supported in 
55 side by side parallel relation, each of said blades 
having opposite ends, one of said ends of one 
blade being fixed to an end of the other of said 
blades, 



13 



25 0 236 601 26 

means for supporting said one of said ends in 
spaced apart relation from said end of the other of 
said blades, the space being sufficient to freely . 
slideably receive a weft thread therebetween, said 
means for supporting said one of said ends in 5 
spaced apart relation including first a spacer mem- 
ber, and 

a second spacer member positioned between said 
one of said ends of one blade and said end of the 
other blade, said second spacer member being 10 
spaced from said first spacer member, and said 
second spacer member being fixed to one of said 
blades. 
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